M. J. Bugugnani, M. Koffigan, I. Kora, D. Ouvry, V. Clavey, and J. C. Fruchart1 We describe an isoelectric-focusing method for rapidly separating and quantifying apolipoprotein (apo) C-Il and C-Ill subspecies of triglyceride-rich lipoproteins. Concentrated very-low-density lipoproteins (VLDL) or delipidated apo VLDL are focused on dry acrylamide plates, after their rehydration with ampholytes and urea. Apo C-Il and apo C-Ill in VLDL are resolved into four major bands-C-Il (p15.01), C111o (p15.10), C-Ill1 (p14.92), and C-Ill2 (p14.84)-at the same p1values as for purified apo C. This precise technique can be used without delipidating VLDL. The relative percentage of C apoproteins found in VLDL from plasma of normal subjects agreed with previously published data. The ratio of apo C-Il to apo C-Ill decreased in patients with chronic renal failure or with coronary artery disease.
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The C group of apolipoproteins plays an important role in the metabolism of triglyceride-rich lipoproteins. Apo C-il is a potent activator of lipoprotein lipase (1) , and in humans its absence results in severe hypertriglyceridemia (2) (3) (4) (5) (6) . Apo Cifi may inhibit lipoprotein lipase (7, 8) and decreases the hepatic uptake of triglyceride-rich lipoproteins and remnants (9, 10) . The ratios of apo C-il and apo C-rn subspecies are abnormal in very-low-density lipoproteins (VLDL) isolated from patients with severe hypertriglyceridemia or with chronic renal failure (11, 12) . Furthermore, some data support the possibility that an abnormal metabolism of ape C-rn subspecies may be linked pathogenetically to increased concentrations of plasma triglycerides (13, 14) . The role played by ape C-il and ape C-Ill in normal or deranged lipid metabolism cannot be ascertained in clinical practice without simple, precise, and easily performed assays. Here we describe a rapid method, involving use of commercially prepared plates, for quantifying ape C-il and ape C-Ill in human VLDL. 
Materials and Methods
Materials
Procedures
Isolation of lipoproteins and separation of the C apolipo-
proteins.
Blood from fasting normolipoproteinemic and hyperlipeproteinemic subjects classified according to classic procedures (15) was collected with EDTA, 1 g/L, as anticoagulant. Plasma was prepared by low-speed centrifugation at 4#{176}C. VLDL were isolated by preparative ultracentrifugation at plasma density (40 000 rpm, 18 h, 15#{176}C) (16) and washed once by flotation through an equal volume of 0.15 mol/L NaC1 solution (density 1.006 kg/L).
The suspensions of VLDL may be concentrated 25-fold by ultrafiltration in Centriflo membrane cones, which are centrifuged for 120 mm at 1000 x g.
We delipidated the VLDL by two different procedures. In the first, serum ape VLDL were precipitated with an equivolume mixture of acetone and ethanol, then with diethyl ether at -20 #{176}C, according to Warnick et a!. (17) . In the second, the total soluble VLDL apelipeprotein was isolated by the isopropanol method of Holmquist et a!. 
were eluted, in the order stated, with 600 mL of a linear gradient (28 to 80 mmol/L) of Ths-urea buffer. The ape C-il and ape C-HI were tested for purity and specificity by electrophoresis on polyacrylanude gel (21) and by double immunodiffusion against antisera to ape C-fl, C-HI, E, A-I, A-fl, and B.
Separation of C apolipoproteins by i.soelectric focusing in polyacrylamide gels. We placed 5 pL of sample (concentrated VLDL or solubilized ape VLDL) in the wells, eight per ifim. The respective electrode strips were soaked in 1 mol/L phosphoric acid or 1 mol/L NaOH. The distance between electrodes was 7 cm. Isoelectric focusing was performed (without prefocusing) for 90 mm at 4#{176}C, at a constant power of 10 W, and 1300 V. Just after focusing, we determined the pH gradient directly on the gel surface, at 4 #{176}C.
We simultaneously fixed and stained the pattern on the plate by soaking it for 30 mm in a solution containing 250 mg of Coomassie Brilliant Blue R 250 in a mixture of 600 mL of 2 mol/L acetic acid and 400 mL of methanol. We then destained for 1 h in the same solvent plus 250 mmol of glycerol per liter. The plate, either while still wet or after drying, was scanned at 570 am with a densitometer.
Results
Identification of apo C isoforms.
With the isoelectric focusing method described here, the VLDL ape C was resolved into four major peptide bands (Figure 1 ), which we identified by comparison with purified apoproteins subjected to the same isoelectric focusing. Our isoelectric points for ape C-il and ape C-rn subspecies agreed with those reperted by Marcel et al. (22) , but were slightly higher than those reported by Catapano et al. (23) (Table 1) .
When we selectively delipidated VLDL apoproteins, two other bands were identified in addition to ape C-fl and ape C-HI forms. We cannot exclude the possibility that these bands were artifacts of the delipidation step, because they did not appear in isofocusing of nondelipidated VLDL. Use of VLDL and apo VLDL compared for the quantification of VLDL apo C. VLDL were isolated from a pool of sera and C apolipoproteins were separated as described above. Table 2 gives the percentage of C apoproteins as measured with the different methods. The ape C distributions were about the same for all methods except for the delipidation technique of Huff et al. (20) . Analytical recovery of apeprotein after concentration was about 100% for four preparations (24) . After delipidation, analytical recovery of the VLDL apeprot.eins seemed to be lower and variable but could not be well evaluated because apeprotein B did not dissolve in the Ths-urea buffer. The delipidation procedures seem to produce artifacts and are time consuming, so we therefore have chosen to use intact concentrated VLDL samples in the analytical isoelectric focusing procedure. This procedure is adequate for plasma containing normal or intermediate concentration of triglycerides.
In the presence of chylomicrons or for highly lipemic samples, however, delipidation is necessary. The values for ape C distribution were the same whether the gel was scanned wet or dry. The reproducibility of the isoelectric focusing technique (the percent deviation from 14.6 ± 8.7 N.S.
#{149}
Results expressed as percentage of total area of C-U, C-Ill0, C-Ill , PIUSC-Ill2. Areas for C-Il were corrected for differences in dye uptake, relative to C-Ill. 0Significantly differentfrom controls at p < 0.01. C significantly different from controls at p < 0.05.
34. the mean of 16 analyses of the same sample) ranged between 4.1 and 8.5% (Table 3) . Apoprotein distribution in VLDL from plasma of normal and dyslipoproteinemic subjects. Table 4 shows the relative percentage of C apeproteins in VLDL from plasma of normal subjects. These results agree with previously published data (23, 25, 26) . A somewhat different distribution of ape C, showing a decrease in the ape C-iliapo C-HI ratio, was found in patients with chronic renal failure or coronary artery disease.
Discussion
Our method of isoelectric focusing in a narrow pH gradient offers some definite advantages over other fractionation procedures for the quantification of ape C in human VLDL: high resolving power, reproducibility, and linearity of response over an adequate range of concentrations.
Our results show that the technique is rapid and precise and can be applied without delipidation of VLDL. Under the conditions described in this paper, we did not see the additional bands described by Catapano et al. (23) .
The use of prepared plates, the short focusing time, and simultaneous treatments of eight samples and the requirement for a minimum quantity of protein make this technique well suited to the detection of ape C-il deficiency or of abnormal distribution of VLDL ape C. Antisera to ape CU, Cifi, and E were a gift of Dr. P. Alaupovic. This study was supported by grant from the Comit#{233} des Aides a Ia Recherche Fournier Dijon. Development of the technique was a cooperative effort with Sebia Laboratories, to whom our gratitude is extended.
